Introduction
Pulmonary Rehabilitation (PR) is based on a multidisciplinary tailored approach designed to improve exercise capacity, functional status, quality of life, and to reduce symptoms such as dyspnea and fatigue.
These objectives may be achieved through training exercises, psychosocial interventions, behavior modification and, above all, significant "compliance" to the PR protocol by the patient in his or her social environment. The effectiveness of PR in patients with Chronic Obstructive Pulmonary Disease (COPD) is an unmistakable footprint and based on scientific evidence. As a consequence evidence suggests that, in the recent years, PR has been commonly adopted into the overall management of such patients.
Moreover, its efficacy has been tried and tested for diseases other than COPD [1] such as Non Small Cell Lung Cancer (NSCLC), considering that these patients present comparable patterns of impairment in respiratory function and similar symptoms to those of patients with COPD; accordingly, an increasing interest is aimed at patients with NSCLC.
NSCLC is one of the most common of all lung diseases: every year more than 1.6 million diagnosis of NSCLC are made worldwide and this number is expected to rise in the near future [2] ; mortality in such patients is still very high in the absence of therapy [2] ; on the other hand, evidence suggests that patients receiving the appropriate treatment, especially if the disease is diagnosed at an early stage, have a more improved prognosis [3, 4] .
The increasing proportion of patients who underwent radio and/or chemotherapy and scheduled for surgical resection (or already surgically treated) has given rise to problems related to long-term morbidity, which has a direct impact on the social and economic "background" of such patients [5] . In fact, patients affected by NSCLC present symptoms such as breathlessness and muscle fatigue [6, 7] , that negatively influences quality of life, functional status and daily live activities [8] [9] [10] [11] [12] [13] [14] . England [15] also found that the factor most strongly correlated with exercise capacity in NSCLC patients was "muscle strength".
If we also consider the effects of certain therapies, we may get a better understanding that exercise tolerance in such patients is greatly compromised [16] [17] [18] [19] .
Another crucial aspect is the frequent relationship between NSCLC and COPD: in an epidemiological study [20] , COPD occurs in 73% of men and 53% of women with NSCLC. Recent studies also show that physical performance is an independent predictor of survival in NSCLC patients [21] [22] [23] , currently the same goes for depression and anxiety which usually accompanies the disease [24] .
In light of these considerations, it's clear that there is a growing interest in the identification of strategies to enable patients suffering from NSCLC to improve exercise tolerance, anxiety and depression, which are the main factors involved in the decline in their quality of life; in this scenario, PR with specific muscular exercises may play a decisive role [25] [26] [27] . This review is intended to analyze the most recent literature: in recent years, in fact, many articles have reported on the potential role of PR in the management of patients with not-operable NSCLC; although the evidence regarding its efficacy on symptoms has not been proven yet, the general impression that emerges is that respiratory exercises represent a valid and useful strategy to adopt in the overall management of these patients.
Our analysis has been divided into the following chapters: 1. Functional assessment of patients with lung cancer 2. PR as "preventive" treatment 3. PR for non-operable patients:
• PR for terminal patients ("palliative support")
• PR for patients undergoing chemotherapy and/or radiotherapy 4. PR for surgical patients:
• Evaluation of preoperative respiratory function • Preoperative Rehabilitation • Postoperative Rehabilitation
Functional Assessment
This plays a key-role but only from the workup diagnostic evaluation. Currently, for this purpose, the scale of Karnovsky [28] or the Eastern Cooperative Oncology Group performance status (ECOG) [29] is widely adopted in clinical practice being that they help to predict the long-term survival of NSCLC patients. Nevertheless, they often suffer from excessive subjectivity and also do not accurately express the functional capacity, especially of those subjects with other comorbidities, the latter significantly influences the assessment of the quality of life and, ultimately, the prognosis.
The use of methods capable of accurately assessing the functional capacity, therefore plays an important role in the planning of a personalized therapeutic program. As already remarked, in fact, NSCLC patients usually presented symptoms similar to those related to COPD such as dyspnea, reduced exercise capacity, respiratory distress and a deteriorated quality of life. However, while in COPD have been well identified anatomical, physiological and biochemical alterations that are the basis of muscular dysfunction, as well as the biological mechanisms that may be the cause, namely the inactivity, the use of corticosteroids, systemic inflammation and oxidative stress [30, 31] , this has not yet occurred in cancer patients.
However, it appears clear that, in NSCLC patients, exercise capacity is greatly reduced: Jones reported that in these subjects, the mean peak VO 2 was 33% that of predicted [32] , concluding that the Cardiopulmonary Exercise Test (CPET) represents an accurate parameter in evaluating the fitness of selected patients with NSCLC. The same author has subsequently shown that the reduction in exercise capacity is a strong predictor of mortality, which is regarded as the VO 2 peak [33] , or the MET'S products or meters walked to the walk test [34] .
Nevertheless, the clinical significance of this data is currently not well defined: to date, in fact, there are few studies which demonstrate, with any degree of certainty, the feasibility, safety and efficacy of a program of exercise training in patients with unresectable NSCLC, while COPD patients derive remarkable benefits from pulmonary rehabilitation.
Thus, we believe that despite the scarcity of pertinent data available in the literature, the evaluation of exercise capacity is pivotal in the management of patients with NSCLC, both for prognostic and therapeutic reasons.
Rehabilitation and prevention
Many epidemiological studies have attempted to investigate the possible correlation between physical exercise and cancer prevention: the main conclusions emerging from these studies tend to support the hypothesis that with regard to certain forms of cancer, physical activity is associated with reduced incidences of cancer; for example, subjects with a more active lifestyle have reduced the relative risk of colon cancer by as much as 30-40% and breast cancer by 20-30%, when compared to a similar sedentary population [35] . The mechanisms behind this phenomenon are yet unclear. Contrarily, there are few studies regarding the possible preventive action exercise has on the occurrence of lung cancer; Steindorf [36] , produced a very extensive series reporting the lack of protective effects of exercise on the risk of cancer, and the International Agency for Research on Cancer (IARC) concluded, in 2002, the lack of evidence regarding the effectiveness of physical activity in reducing the risk of lung cancer [37] . To summarise our opinion, currently, there is no scientific evidence to support or at least suggest the effectiveness of exercise in reducing the incidence of lung cancer.
Rehabilitation on inoperable patients
Most cancer patients (approximately 75%) at the time of diagnosis are inoperable and often with reduced exercise capacities; very often a number of comorbidities can be present. As an example, cardiovascular comorbidities can further limit exercise capacity, limitation which can be aggravated even further by radio and/or chemotherapy treatment, as well as by the concomitant supportive therapies; biological or corticosteroid which can, on the other hand, increase the risk of adverse events related to physical activity.
Rehabilitation in patients with advanced cancer (palliative rehabilitation)
In patients with advanced stages of disease, much emphasis has been given to the control of symptoms and pain management, with very little emphasis given to the improvement of physical activity: neverthless, there is increasing evidence, although often concerning other tumors, which suggest that as rehabilitation intervention is safe, costeffective and extremely useful in improving functional independence and overall quality of life of cancer sufferers [38] [39] [40] [41] [42] [43] . In the series by Morris and co-workers [44] , not only solid tumors (among them not only NSCLC) but also hematological malignancies are included; the Authors concluded that an aerobic exercise program determined significant improvements in exercise tolerance; moreover, in a randomized clinical trial carried out by Cheville [45] , patients with advanced stages of lung cancer and colorectal cancer were enrolled and underwent home training regimens: results showed improvements in exercise tolerance and quality of life, although very often worsening of the disease can lead to a high dropout rate [46] ; finally a recent meta-analysis performed by Jones et al [47] , examined six randomized trials within a controlled group (a total 571 patients with breast or prostate cancers or lymphomas), and found that anaerobic training programs may produce a significant increase in VO 2 peak, without any major adverse events. Based on these studies, our opinion is that when feasible, a structured program of aerobic exercise training should always be offered to patients with lung cancer, as a safe and effective method in improving physical performance and quality of life; therefore, it should become part of the overall management of these patients with the same relevance given to the symptoms and pain control.
Rehabilitation on patients undergoing chemo and/or radiotherapy treatment
As already remarked, chemo and radiation therapy, usually administered with radical intent, in addition to worsening the symptoms and quality of life, may lead to -(among the various adverse events) -pulmonary toxicity. Marks et al [48] reported that dyspnea after radiation therapy is present in about 5% of all patients receiving "localized" and "regional" radiation therapy, with or without combined chemotherapy. The negative side effects of chemotherapy on exercise capacity are not well investigated, although it is known that platinum-based regimens may cause anemia and a reduction in functional parameters, especially FEV 1 . While the latter parameter seems to be not uncorrelated with exercise capacity [49] , the reduction of hemoglobin can determine a significant reduction in the release of O 2 with a consequential decrease of the VO 2 -peak. Lung cancer patients are usually elderly, smokers with underlying comorbidities such as COPD and ischaemic heart disease, which may further decrease cardiorespiratory fitness. In the past, several studies have attempted to analyze the effects of exercise as a supportive therapy in mitigating fatigue and physical decline induced by chemo and radiation therapy on women with breast cancer. Several systematic reviews and meta-analysis have concluded that exercise training, whether it be aerobic exercise alone or combined with anaerobic training, result in significant positive effects on fitness levels, Quality of Life (QoL), anxiety, depression, and exercise tolerance [50] . Even in this case, some case studies enrolled a non-homogeneous sample population; Adamsen [51] , for example, has found, in a group of subjects suffering from lung and breast cancer, not only significant improvements in O 2 -Peak-max and muscle strength, but also an increase in the time dedicated to physical activities rather than sedentary time. Positive effects have also been reported by prospective studies [52] [53] [54] . A recent randomized study demonstrated the efficacy of aerobic exercise in improving exercise capacity in a group of patients with adenocarcinoma and receiving targeted chemotherapy [55] . And finally, another recent study, albeit limited by the dimension of the small series, observed that an intensive rehabilitation protocol is capable of cancelling the toxic effects on lung functioning and QoL induced by radio/chemotherapy [56] . In summary we believe that to date there is little evidence to support the use of rehabilitation on inoperable lung cancer patients undergoing medical and/or radiation therapy. However, the efficacy demonstrated in other types of cancer and its security, lead one to consider the opportunity to integrate it into the overall management program of the disease.
Rehabilitation for operable patients

Pre-operative functional evaluation
Pre-operative functional evaluation is deemed necessary for all types of cancer, therefore it is pivotal if not indispensable for those considered operable. Respiratory function assessment is obviously very important, especially for COPD patients: for example, it has been established that the diffusion of carbon monoxide represents an important parameter in predicting post-operative complications in patients with FEV 1 within the ranges [57] [58] , and at the same time the physician should not ignore the assessment of exercise capacity. The latter has been proven to be inversely correlated with post-operative morbidity and mortality, as shown by several studies [59] [60] , including a recent meta-analysis of 955 patients [61] , and finally by the guidelines laid down by the ERS / ESTS Joint Task Force [62] .
Also the pre-operative QoL is a factor which helps predict survival probability [63] . A careful multidimensional evaluation is therefore essential, not only as it is an eligibility criterion for surgical planning, but also for the prognostic stratification. In this context, among all the possible physiological assessments, a symptom-limited incremental test with analysis of expired gases, more commonly called CPET, is, as already mentioned above, the Gold Standard [64-66]; thus, among the various available parameters, the slope of the ratio of minute ventilation / CO 2 output (VE/CO 2 ), which represents ventilatory ineffi-ciency, is the strongest predictor of post-operative complications and mortality [67, 68] . In recent years it has been cited in scientific literature as the Stair-Climbing Test, which has been proven by several studies (based on an extensive series) to play an important role in predicting complications after lung resection. The advantages when compared with the classic CPET are, in addition to the simplicity, low cost (it requires little or no equipment and personnel), safety, user-friendliness for patients and the involvement of a greater number of muscle groups with respect to the cycle ergometer or treadmill. It has also been demonstrated that this test may determine higher levels of oxygen consumption, compared with a treadmill or cycle ergometer, therefore it seems more suitable in highlighting oxygen transfer deficiency which could cause post-operative complications or mortality [69] [70] [71] [72] .
Pre-surgical Rehabilitation
Surgical exeresis is still the treatment of choice for thoracic malignancies with limited extension: however, only 25% of such tumors at the time of diagnosis were considered operable. Among the causes of inoperability, the poor respiratory status accounts for approximately 40% of cases [73] . Surgery also causes a further reduction in exercise capacity which is proportional to the extent of resection [74, 75] . Such a reduction persists for anything up to three years after surgery, while still remaining lower than pre-operative values [74] . In light of these findings, a series of respiratory rehabilitation exercise prior to surgery can be conducted with a couple of aims in mind: firstly to increase the percentage of operable cases; secondly, to reduce the consequences of the intervention, both in terms of mortality and morbidity. To date, however, there is no convincing scientific data to recommend the use of pre-operative rehabilitation for lung cancer patients: This can be due (at least in part) to the fact that the time between diagnosis and surgery is generally very short, and therefore does not allow for patients to participate in a standard program of rehabilitation: a study by Boczuk [76] , however, shows that a delay up to 48 days of surgical treatment, does not influence the overall survival rate.
Some studies have demonstrated that a training aerobic program is capable of significantly inproving not only oxygen consumption but also performance during the walking-test and overall QoL [77, 78] ; similarly Bobbio et al have investigated the oxygen consumption effects during a fourweek rehabilitation program carried out on a group of 12 COPD patient with NSCLC candidates for lobectomy. The program included a total of 20 sessions, diaphragmatic breathing exercises and a combined aerobic and strength training. The results showed a significant increase in VO 2 -peak, anaerobic threshold and maximum load reached in the incremental exercise test [79] . More recently, the data analysis of a randomized controlled trial shows that patients who performed a pre-operative PR program, including aerobic and anaerobic training, experienced lower numbers of post-operative complications, therefore resulting in a reduction in hospital stays, when compared with a control group, which performed simple exercises for lung expansion [80] . The results of these studies show that a quick program of PR performed prior to surgery may induce significant improvements in exercise capacity on patients undergoing surgery for lung cancer. This data may have relevant clinical implications, among which the most conclusive being that pre-operative exercise training may increase the number of patients who, after rehabilitation, can undergo surgical exeresis of lung cancer. In this setting, there is a very interesting study which evaluates a small group of patients declared ineligible for surgery, not because of the staging, but due to poor functional pulmonary conditions: after 20 sessions of a rehabilitation program (consisting of training of the lower limbs by cycle ergometer, technical diaphragmatic relaxation and educational support), all patients meet the criteria of operability and were thus surgically treated successfully [81] .
Thus, our opinion is that PR should always be recommended during the pre-operative management of these patients, as it seems to improve exercise capacity and consequently reduce the postoperative morbidity and mortality rate. Moreover preliminary evidence suggests its effectiveness in increasing the number of cases judged "technically operable".
Post-surgical Rehabilitation
As we have repeatedly emphasized, surgery is the most important treatment option for lung cancer patients, as it represents the only curative intervention. However, the effects on the functional capacity are clearly relevant: it has been estimated that the VO 2 -peak decreases by approximately 30% after pneumonectomy and 20% after lobectomy; in addition this reduction seems to persist for anything up to three years after resection, and even after recovery time, it stood at a lower value than before the intervention [74, 75] . The mechanisms involved may be different than the extent of resection but we should take into account that about half of patients after undergoing surgery receive post-operative adjuvant therapy, the latter producing, as already mentioned above, significant modification in their pulmonary functioning. In addition, many patients presented several comorbidities such as COPD or heart disease, and were either smokers or former smokers. All these factors contribute to muscle deconditioning, and ultimately to physical inactivity. There is evidence to suggest that, even in healthy subjects, a period of entrapment of about three weeks results in a PO 2 -peak reduction of about 25%, this impacting on it more than the physiological decline caused by aging [82] [83] [84] . In light of that, the training exercise should play a key role in preventing or at least mitigating the harmful effects of surgery. Nevertheless, only a few studies on this topic have been performed and are usually based on small patient numbers . During the first of these, Spruit et al investigated the effects of a multidisciplinary rehabilitation program conducted during hospitalization of 10 patients who recently underwent surgery for lung cancer. The program included, among other things, strength and endurance training . After 8 weeks a significant increase in distance was reported for the walk test which peaked during the incremental test [85] . Cesario et al have investigated the effects of a shorter program (4 weeks) of pulmonary in-patient rehabilitation treatment carried out on 25 patients undergoing lung resection; the rehabilitation program included a training cycle ergometer endurance, strength exercises and educational sessions. Compared with a group of patients who had refused the rehabilitation protocol, the distance during the walk test significantly increased, while there were no modifications in spirometry data [86] . Finally, Jones et al have evaluated the benefits of an aerobic training program in an outpatient regime of 20 post-surgical patients. The protocol consisted of 3 weekly sessions of a cycle ergometer for a period of 14 weeks. Exercise capacity was measured using the Peak O 2 detected by an incremental CPET, QoL and muscle fatigue in the questionnaire FACT-L (Functional Assessment of Cancer Therapy-Lung). The results indicated a significant increase in maximal oxygen consumption and a significant improvement in QoL and muscle fatigue. A very interesting finding, although observed on only a small number of patients, consisted in the fact that the most significant improvements were the prerogative of the patients who did not receive adjuvant chemotherapy [87] . To summarize, the limited literature on this topic indicates that rehabilitation after surgery is safe and well tolerated. It should therefore always be considered in all patients who have had lung resection.
Conclusions
The evidence available to date suggests that PR is safe and feasible in lung cancer patients, and that it can be administered in a variety of situations. In the terminal patient or those recovering from radio and/or chemotherapy, it has been proved to reduce symptoms (above all the dyspnea and fatigue) induced by the disease and therapy and at the same time improve overall QoL. The enhancement of functional capacity, on the other hand, may reduce the post-operative risks, especially after major lung resection. Furthermore, the optimization of the preoperative fitness obtained through a rehabilitation program, may make candidates for surgical resection those patients who, despite anatomical resectability, were declared inoperable due to poor physical performance. The planning of rehabilitation programs in the postoperative phase may lead to a reduction in recovery time after surgery and, accordingly, encourage a faster return to daily activities. To date there is no consensus on the right timing, duration and the components which should be part of the rehabilitation program. Studies adequately designed and several case studies are mandatory to clarify these aspects. 
